INTRODUCTION
A postoperative pneumoperitoneum (PP) following recent abdominal surgery may be a normal finding due to the air introduced during surgery or postoperative drains.
However, a pneumoperitoneum on plain radiographs may also be an indicator of anastomotic leakage or gastrointestinal perforation [1] [2] [3] [4] . When free air is visualized on plain radiographs, it may be unclear whether or not the free air represents a physiologic PP or progressive air development suggestive of infection or anastomotic leakage.
Therefore, the utility of a PP in diagnosing a disruption in the gastrointestinal tract during the early postoperative period is limited by the presence of physiologic free air from the laparotomy. Clinically, a variety of tools are used to diagnose postoperative peritonitis, including physical examinations and clinical signs, such as fever, abdominal pain, and distension. With respect to radiologic tools, abdominal computerized tomography (CT) is clearly superior to plain radiographs for the detection of free air and peritonitis in clinical settings [5] . However, abdominal CT may not be easily available whenever patients complain of abdominal symptoms. The costs of abdominal CT are relatively high and abdominal CT poses the additional risk of thesurgery.or.kr Table 1 . Correlation of demographic and clinical parameters with the duration of physiologic air (n = 86) radiation exposure. Alternatively, plain radiographs are simple, the cost is low, and plain radiographs are readily accessible. Therefore, plain radiographs are likely to be obtained first rather than abdominal CT in some insidious cases. Plain radiographs can also provide some information regarding the presence of free air, ileus, and bowel gas patterns. The aim of this study was to determine the incidence and duration of PP on plain radiographs and to identify the radiologic findings which may predict anastomotic leakage. 
METHODS

RESULTS
Of the 384 patients, 93 patients (24.2%) had PPs. Within this group, 86 patients (92.5%) were classified in the physiologic air group and 7 patients (7.5%) were classified in the anastomotic leakage group. Among the 7 anastomotic leakage patients, 6 underwent lower anterior resections for rectal cancer and 1 underwent a right hemi-colectomy for ascending colon cancer. The mean duration of physiologic air was 6.9 ± 2.4 days (range, 2 to 13 days Values are presented as mean ± SD or number (%).
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Fisher's exact test. (5.5%) had visible sub-diaphragmatic free air on postoperative days 3, 6, 9, and ＞10, respectively (Fig. 1) . In the physiologic group, there was no correlation between the time to disappearance of free air and our demographic and clinical parameters. These parameters included age, body weight, BMI, operative time, duration and type of drainage, and initial air height ( Table 1) . Comparison of the physiologic air group with the anastomotic leakage group yielded no measurable differences between age, gender, BMI, operative time, and open surgery versus laparoscopy. However, the initial air height was significantly higher in the leakage group than the physiologic air group (12.16 ± 7.65 mm vs. 7.71± 5.08 mm, P = 0.04). Additionally, the height of the pneumoperitoneum was increased over time in the leakage group, but decreased in the physiologic air group. Moreover, paralytic ileus, which was defined as a transient, functional impairment of intestinal motility and gaseous distension in radiographs occurring after surgery, was significantly more common in the leakage group than the physiologic air group (P ＜ 0.01) ( Table   2 ). The area under the ROC curve of the initial height of free air in patients with anastomotic leakage was 0.69 (95% confidence interval, 0.59 to 0.78). Using a cut-off point of 11.7 mm, we found that the sensitivity, specificity, positive predictive value, and negative predictive value were 57.1%, 83.7%, 22.2%, and 96.0%, respectively (Fig. 2) .
DISCUSSION
Pneumoperitoneums are common following abdominal surgery, and can be detected by clinical examination [6] or imaging [7] . The standard method for confirmation of a pneumoperitoneum is plain radiography [8] . If performed correctly with the patient in the left lateral decubitus position for 10 to 20 minutes and in the upright position for 10 minutes prior to radiography, as little as 1 to 2 mL of free intraperitoneal air can be reliably detected [9] .
Anastomotic leakage is a serious, life-threatening complication and early detection and emergent intervention is required to avert a catastrophic situation. Anastomotic leakage may initially present with vague abdominal discomfort without definitive peritoneal irritation signs, fe-thesurgery.or.kr ver, and tachycardia. In such cases, plain radiographs would be obtained first, rather than an abdominal CT scan. In detecting PP by plain radiographs, we question whether or not intraperitoneal gas is benign or detrimental.
In our study, pneumoperitoneums were detected in 24.2% (93/384) of postoperative patients. Only 7.5% (7/93) of the PPs were due to anastomotic leakage. These findings are comparable to those of other studies [2, 3, [7] [8] [9] . The mean duration of physiologic air was 6.9 ± 2.4 days (range, 2 to 13 days), and the percentage of patients with visible free air decreased over time (observed in 24.0%, 17.7%, 8.6%, and 5.5% of patients on postoperative days 3, 6, 9, and ＞10, respectively). According to other studies, the prevalence of PPs after abdominal surgery within the first 3 postoperative days has been reported to be 21 to 53%, with PPs persisting in some patients for 5 to 18 days [2, 3, [7] [8] [9] [10] [11] [12] . Indeed, PPs may sometimes be observed for several weeks [4, [13] [14] [15] . Alternatively, there is a report that PPs are more prevalent in asthenic patients, in males, and in patients with intraperitoneal drains [16] ; however, we did not show that any of these factors correlated with the duration of PPs, as in other studies [3, 14] . Are there any radiologic findings which may predict anastomotic leakage?
Our study found that several factors might be used to differentiate anastomotic leakage from the normal physiologic state. An initial air height ＞11.7 mm, an increased height of air over time, and the presence of ileus may be indicators of anastomotic leakage. No previous study has reported a correlation between the height of free air and anastomotic leakage. It is not surprising that as the amount of intraperitoneal free air increased, the possibility of leakage increases. However, this finding should be evaluated further because of the small sample size, relatively low sensitivity, and low positive predictive value.
Our study had several limitations. First, not all leakage cases which we encountered were included. Because patients with definitive evidence of leakage underwent emergent surgery and patients with suspected leakage initially had an abdominal CT scan rather than a simple radiograph, this study only included mild or unquestioned cases, which might lead to selection bias. Second, our results should be applied to clinical situations with caution due to the intrinsic limits of retrospective studies. Also, we do not claim that the radiologic demonstration of free air alone should play a major role in clinical decision-making about whether or not an exploratory laparotomy is required. Nevertheless, our results may be a useful adjunct in the management of patients with postoperative abdominal symptoms.
In conclusion, PPs are common after abdominal surgery. The findings of an initial air height ＞11.7 mm, increasing air height over time, and the presence of ileus on plain radiographs suggest a high likelihood of anastomotic leakage.
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